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Evaluation of Hepcidin Hormone and Some Biochemical Parameters in Iraqi Children Patients with β-Thalassaemia Intermedia Before and After Blood Transfusion  Mohammed Q. saadoon Msc. Student of biochemistry, Department of Chemistry/ Collage of Ibn Al-Haitham for pure sciences. University of Baghdad  Bushra H. Ali PhD. Of biochemistry, Department of Chemistry/ Collage of Ibn Al-Haitham for pure sciences. University of Baghdad  Abstract Background:"thalassaemia" refers to a group of blood diseases characterized by low or absent synthesis of normal globin chains. Depending on the chain whose synthesis is impaired, the thalassaemias are called α‒, β‒,ɣ‒ ,σ‒ or ԑɣσβ-thalassaemias . Most thalassaemias are inherited as recessive traits.Objective: the aim of this study is evaluated hepcidin levels, transferrin, ferritin, serum iron and total iron bending capacity [TIBC] before and after blood transfusion of thalassaemia patients.Methods: In this study, we take 80 persons the age of them were mean±SD (9.68±2.08), 40 patients with β-thalassaemia intermedia, and 40 healthy persons as control. We take blood 5ml from thalassaemia's patients before blood transfusion and after transfusion of blood by 3 days. The total number of the samples we taken are 120, 40 samples before blood transfusion, 40 samples after blood transfusion and 40 control samples. Then we separated each sample into two tubes.Result: increase iron absorption of thalassaemia patient after blood transfusion due to decrease level of hepcidin.Conclusion: from this study was appear iron absorption meanly affect by hepcidin level, so that hepcidin was highly significant change in thalassaemia patient after blood transfusion and that lead to iron overload. So conclude high levels of ferritin after blood transfusion due to blood uptake lead to increase iron storage (ferritin). Keywords: β-thalassaemia intermidia, hepcidin, serum iron and ferritin (iron storage).  Introduction: "thalassaemia" refers to a group of blood diseases characterized by low or absent synthesis of normal globin [1]. Depending on the chain whose synthesis is impaired, the thalassaemias are called α‒, β‒ ,ɣ‒ ,σ‒ or ԑɣσβ-thalassaemias . Most thalassaemias are inherited as recessive traits. These primary quantitative defects are no longer rigidly differentiated by the structural variants produced at reduced rate [such as HbE and Hb lepore]. From a clinical point of view, the most types are α- and β-thalassaemias, decrease one of the two types of polypeptide chains [α or β] that form normal haemoglobin molecule [HbA, α2β2] [2]. The recent study of thalassaemias, which constitute a major problem in the countries around the Mediterranean sea, the middle east and the trans-caucasus, India and far East. The most carrier frequency of β-thalassaemia was reported in Maldives [18%] , Cyprus [14%], Sardinia [10.3%] and southeast Asia [3-5%][3]. Because the frequency in these regions is most likely related to the selective pressure from plasmodium falciparum malaria . So that, population migration and intermarriage between different ethnic groups has introduced thalassaemia in almost every country of α-talassaemia[4].  Often, heterozygotes of ether α- or β-thalassaemia asymptomatic and do not need treatment. Interactions of thalassaemia and corresponding haemoglobinopathies e.g. Hb E, Hb C or Hb S with β-thalassaemia or Hb constant spring [Hb CS] with α-thalassaemia also give increase to varies thalassaema syndromes[5]. Depend severity and transfusion requirement , these thalassaemia syndromes can be classified phenotypically into two main group : A- Transfusion dependant thalassaemia [TDTs] B- Non-transfusion dependant thalassaemia [NTDTs]. As shown in figure 1-1. The TDTs need regular blood transfusion to survive so without adequate causes suffer several complications and a short life span [6]. This group includes patient with β-thalassaemia major, sever Hb E / β-thalassaemia, while the group of NTDT patient include β-thalassaemia intermedia, Hb E /β-thalassaemia and Hb H disease[7]. Therefore Hepcidin is a protein in humans is encoded by the hepcidin antimicrobial peptide [HAMP] gene, is a key regulator of the entry of iron into the circulation in mammals. When hepcidin level is abnormally increase inflammation, serum iron falls due to iron trapping within macrophages and liver cells and low gut iron absorption, this lead to anemia due to not enough amount of serum iron being available for developing red cells [8]. But when the hepcidin level is abnormally low like in hemochromatosis, iron overload happen due to increased ferroportin mediated iron efflux from storage and increased gut iron absorption[9]. 
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So hepcidin, a peptide hormone is mainly synthesis in the liver, was discovered in 2000. It can be reduces extracellular iron in the body by several mechanisms: 1) Hepcidin lower dietary iron absorption via reducing iron transport across gut mucosal cells (enterocytes); It reduces iron exit from macrophages, the major site of iron storage; 2) It reduces iron exit from the liver. So in all three instances this is associated by reducing the transmembrane iron transporter ferroportin Hepcidin found as a preprohormone (84 amino acids), prohormone (60 amino acids), and hormone (25 amino acids). Twenty- and 22-amino acid metabolites of hepcidin also found in the urine. Removal of 5 N-terminal amino acids results deactivation of function[10]. The conversion of prohepcidin to hepcidin is mediated by the prohormone convertase furin. This conversion may be regulated via alpha-1 antitrypsin [11]. Also Iron overload happened when iron intake increased over period of time, result from red blood cell transfusions or increased iron absorption through gastrointestinal [GI] tract. Both of them occur in thalassaemia, whith blood transfusion therapy start the major cause of iron overload in thalssaemia major and increased GI absorption being more important in non-transfusion dependent thalassaemia [NTDT] [12]. But thalassaemia major patients receive regular blood transfusion, iron overload is occurred because the human body lacks a mechanism to remove excess iron[13]. Iron accumulation is toxic to many tissues, lead to heart failure, cirrhosis, liver cancer, growth retardation and multiple endocrine abnormalities[14]. In addition, Ferritin is a global intracellular protein that stores iron and releases it in a controlled fashion. Produced by almost all living organisms, like algae, bacteria, higher plants, and animals. In humans, the important role as buffer against iron deficiency and iron overload. Ferritin is exist in most tissues as a cytosolic protein, but small amounts are secreted into the serum where it functions as an iron carrier. Plasma ferritin is biomarker of the total amount of iron stored in the body, hence serum ferritin is utilized as a diagnostic test for iron-deficiency anemia[15].  Ferritin structure is a globular protein complex included of 24 protein subunits forming a nanocage with multiple metal–protein interactions. It is presented primary intracellular iron-storage protein in both prokaryotes and eukaryotes, so the main function keeping iron in a soluble and non-toxic form. When ferritin not combined with iron is called apoferritin.  Material and method In this study, we take 80 persons the age of them were mean±SD (9.68±2.08), 40 patients with β-thalassaemia intermedia, and 40 healthy persons as control. We take blood 5ml from thalassaemia's patients before blood transfusion and after transfusion of blood by 3 days. The total number of the samples we taken are 120, 40 samples before blood transfusion, 40 samples after blood transfusion and 40 control samples. Then we separated each sample into two tubes. The 1st tube for determine the ferritin and hepcidin value and the 2nd tube to determine iron. Separate serum of the samples by used centrifuge and assay was employ enzyme-linked immune sorbent assay (ELISA) to determine ferritin and hepcidin level. Serum iron was measured by use photometric colourmetric test for iron.  Statistical analysis results of this study was expressed as [mean ± SD], also T.test was utilized for compared between three studied groups, so T.test less than 0.05 and 0.001 was considered significant and highly significant respectively.   Result  In this study patients were differentiated to three clans, the fist clan [C1] includes before blood transfusion patients samples, the second clan [C2] includes after blood transfusion patients samples and the third clan [C3] was control samples, as show in table 1. Also calculated mean ± standard division for all parameter result of all patient {male and female}, then evaluate t test value to all parameter that utilized to show the differences between clans; variation was considered significantly when T. test values was ≤0.05. That was shown in table 1.  
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Table 1, parameter result of all patients. BMI [body mass index], HS [high significant], NS [non significant].   Biometers [C1] Mean±SD [C2] Mean±SD [C3] Mean±SD Ttest C1VsC2 Ttest C1VsC3 Ttest C2VsC3 BMI Kg/m2 11.35±1.47 11.35±1.47 16.9±2.15  HS HS S. Hep pg/ml 13.37±3.25 11.32±1.62 25.15±3.51 HS HS HS S. Trans. % 48.67±8.7 50.85±7.25 30.39±3.31 NS HS HS S. Fer ng/ml 1942.78±704.11 1734.08±298.24 169.62±16.46 NS HS HS S. Iron mcg/dl 84.2±7.1 91.21±7.57 52.6±4.69 HS HS HS S. TIBC mcg/dl 180.27±18.96 182.29±26.31 173.87±10.16 NS NS NS  Discussion The present study show mean ± SD of the body mass index of female (10.93±1.59) and male (11.77±1.23) patients that lower than control (Female= 15.75±1.45) and (Male=18.05±2.14) clan as shown in table 1. The results of study appeared decrease highly significant with control of T.test value (p˂ 0.05) that agreement with Baldini M study, Baldini M was suggest thalassaemia patients have abnormal secretion of pituitary gland that lead to decrease weight of patients[16], that shown in figure 1. The body mass index [BMI] of thalassemia patients after and before was stable because the period of blood transfusion was three days only and this period not effect on the parameter. The nearby study was expose mean ± SD of hepcidin for female (13.14±3.47) and male (13.6±3.09) patients before and after blood transfusion (Female=11.14±1.82 and Male=11.49±1.45) was lesser than control (Female=25.04±3.55 and Male=25.26±3.56) as appears in table 1. The result of female and male patients in the recent study was decrease highly significant (p˂ 0.05) of T.test between C2 with C3 and C1 with C3 (thalassaemia patients before and after blood transfusion with control), these agreement with Rund D. study[17]. The control had normal level of hepcidin so absorption of iron in stomach was normal so that not found excess iron inside body compare with thalassaemia patients, that shown in figure 2. The present study was demonstrate mean ± SD of transferrin value for female (48.48±9.15) and male (48.86±8.45) thalassaemia patients before and after blood transfusion (Female=50.59±7.67 and Male=51.11±6.99) was more than control (Female=30.68±3.5 andMale=30.1±3.18) as illustrated in table 1. The result of this study for female and male patients was non-significant (p ˃ 0.05) of T.test value between C1 and C2, that agreement with Porter JB, whose explain cause of transferrin level of thalassaemia patients after blood transfusion more than the same patients before blood transfusion due to blood intake increased concentration of iron so that move up transferrin percent to take more of iron molecules to the target organ[18], that also illustrated in figure 3. In addition, transferrin test materialize increase highly significant (p˂ 0.05) value with clan 3 that approved by Khatami S, also he explains the increase of transferrin level in thalassaemia patients due to iron overload that stimulate to production transferrin in order to carry it to the target organ[19], that also appear in figure 3. The nearby study was display mean ± SD of ferritin value for female (1888.85±756.102) and male (1996.7±663.192) thalassaemia patients before and after blood transfusion (Female=1714.5±313.1and Male=1753.65±289.38) was more than control (Female=169.29±17.47 and Male=170.56±15.81) as illustrated in table 1. The result of this study for female and male patients was non-significant (p ˃ 0.05) of T.test value between C1 and C2, that agreement Paolo Ricchi study, also he concluded the drop off ferritin level of female and male patients after blood transfusion due to increase iron storage because blood up take lead to increase ferritin level in patients after blood transfusion[20].  Moreover ferritin was appear increase highly significant (p˂ 0.05) with control that approved by Yathiraj PH. Study, so that he suggest the iron overload lead to increase ferritin production, that shown in figure 4 [21].  The current study was display mean ± SD of iron value for female (83.18±7.56) and male (85.19±6.65) thalassaemia patients before and after blood transfusion (Female=90.86±7.55 and Male=91.55±7.76) was more than control (Female=52.84±4.53 and Male=52.4±4.95) as show in table 1. The result of this study for female and male patients was decrease significant (p ≤ 0.05) of T.test value between C1 and C2, that agreement with Nyoman S. study, also he explain the blood transfusion of thalassaemia patients lead to increase of serum iron[22]. 
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Additionally, iron test was result decrease highly significant (p˂ 0.05)  with control, that agreement with Inthawong K, also he discus the aggregation of iron in thalassaemia patients that lead to increase iron concentration[23], as appear in figure 5.  Serum iron increased in the thalassaemia patients because of iron overload that due to decrease hepcidin leaded to increase absorption of iron  The current study was display mean ± SD of TIBC value for female (181.4±30.95) and male (179.182±27.589) thalassaemia patients before and after blood transfusion (Female=182.79±26.92 and Male=181.8±26.38) was more than control (Female=173.06±10.99 and Male=174.67±9.48) as show in table 1. The result of this study for female and male patients were appear non significant (p ˃ 0.05) of all T.test value, that agreement with Aparna A study when research about parameters that used to diagnosis thalassaemia[24]. That was show in figure 6. Total iron binding capacity test of thalassaemia patients before and after blood transfusion appeared higher than control as shown in figure 6.  Conclusion  From this study was appear Iron absorption mainly effected by hepcidin levels so that hepcidin was high significant change in thalassamia intermdia for Iraqi children patients after blood transfusion this versus high significant increase of serum iron and lead to iron overload and increase iron storage (ferritin) because blood uptake, but non-significant in transferrin or TIBC respectively.   References 1- Chains "What Are the Signs and Symptoms of Thalassemias?". NHLBI. 3 July 2012. Archived from the original on 16 September 2016. Retrieved 5 September 2016. 2- Rund D. Thalassemia 2016: modern medicine battles an ancient disease. Am J Hematol 2016;91:15–21. 3- Origa R, Baldan A, Marsella M, BorgnaPignatti C. A complicated disease: what can be done to manage thalassemia major more effectively? Expert Rev Hematol 2015;8:851–62.  4- John P. Greer JP, Arber DA, Glader B, et al. Wintrobe's Clinical Hematology 2013. 5-  Jarjour RA, Murad H, Moasses F, Al-Achkar W. Molecular update of β-thalassemia mutations in theSyrian population: identification of rare β-thalassemia mutations. Hemoglobin. 2014;38(4):272-6.  6- Origa R. Beta-Thalassemia. 2000 Sep 28 [updated 2015 May 14]. In: Pagon RA, Adam MP,Ardinger HH, Wallace SE, Amemiya A, Bean LJH, Bird TD, Ledbetter N, Mefford HC, Smith RJH,Stephens K, editors.  7- Cappelini MD, Cohen A, Porter J, Taher A and Viprakasit V. guidelines for the management of transfusion dependent thalassaemia. 2014. 8-  E. Jones, S.R. Pasricha, A. Allen, P. Evans, C.A. Fisher, K. Wray, et al. Hepcidin is suppressed by erythropoiesis in hemoglobin E beta-thalassemia and beta-thalassemia trait Blood, 125 (5) (2015), pp. 873-880. 9-  Baronciani, D.; Angelucci, E.; Potschger, U.; Gaziev, J.; Yesilipek, A.; Zecca, M.; Orofino, M.G.; Giardini, C.; Al-Ahmari, A.; Marktel, S.; et al. Hemopoietic stem cell transplantation in thalassemia: A report from the european society for blood and bone marrow transplantation hemoglobinopathy registry, 2000–2010. Bone Marrow Transpl. 2016, 51, 536–541.  10- Casu, C.; Oikonomidou, P.R.; Chen, H.; Nandi, V.; Ginzburg, Y.; Prasad, P.; Fleming, R.E.; Shah, Y.M.; Valore, E.V.; Nemeth, E.; et al. Minihepcidin peptides as disease modifiers in mice affected by –thalassemia and polycythemia vera. Blood 2016, 128, 265–276.  11- Tarkun P, Mehtap O, Atesoğlu EB, Geduk A, Musul MM, Hacihanefioglu A. Serum hepcidin and growth differentiation factor-15 (GDF-15) levels in polycythemia vera and essential thrombocythemia. Eur J Haematol. 2013;91(3):228-35.  12- Plengsuree S, Punyamung M, Yanola J, Nanta S, Jaiping K, Maneewong K, Wongwiwatthananukit S, Pornprasert S. Red Cell Indices and Formulas used in differentiation of b-thalassemia trait from iron deficiency in Thai adults. Hemoglobin 2015;39:235–9.  13- Puliyel, M.; Sposto, R.; Berdoukas, V.A.; Hofstra, T.C.; Nord, A.; Carson, S.;Wood, J.; Coates, T.D. Ferritin trends do not predict changes in total body iron in patients with transfusional iron overload. Am. J. Hematol. 2014, 89, 391–394. 14-  Viprakasit V, Limwongse C, Sukpanichnant S, Ruangvutilert P, Kanjanakorn C, Glomglao W, Sirikong M, Utto W, Tanphaichitr VS. Problems in determining thalassemia carrier status in a program for prevention and control of severe thalassemia syndromes: a lesson from Thailand. Clin Chem  Lab Med 2013;51:1605–14.  15- Taher A, porter J, Viprakasit V, et al. Serum ferritin for prediction clinically relevant LIC thresholds to guide management of patients with non-transfusion dependent thalassaemia treated with deferasirox: THALASSA study extension analysis. Haematological 2013;98 (suppl 1):486 abst s1171.  
Journal of Natural Sciences Research                                                                                                                                                www.iiste.org ISSN 2224-3186 (Paper)   ISSN 2225-0921 (Online) Vol.8, No.10, 2018  
26 
16- Baldini M, Marcon A, Ulivieri FM, et al. Bone quality in beta-thalassemia intermedia: relationships with bone quantity and endocrine and hematologic variables. Ann Hematol. 2017 Jun. 96 (6):995-1003.  17- Rund D. Thalassemia 2016: modern medicine battles an ancient disease. Am J Hematol 2016;91:5–21.  18- Porter JB, Cappellini MD, Kattamis A, Viprakasit V, Musallam KM, Zhu Z, Taher AT. Iron overload across the spectrum of non-transfusion-dependent thalassaemias: role of erythropoiesis, splenectomy and transfusions. Br J Haematol. 2017 Jan;176(2):288-299.  19- Khatami S, Dehnabeh SR, Mostafavi E, Kamalzadeh N, Yaghmaei P, Saeedi P, Shariat F, Bagheriyan H, Zeinali S, Akbari MT. Evaluation and comparison of soluble transferrin receptor in thalassemia carriers and iron deficient patients.Hemoglobin. 2013;37(4):387-95.  20- Paolo Ricchi,  Antonella Meloni,  Anna Spasiano,  Silvia Costantini,  Alessia Pepe,  Patrizia Cinque and Aldo Filosa. The impact of liver steatosis on the ability of serum ferritin levels to be predictive of liver iron concentration in non‐transfusion‐dependent thalassaemia patients. 24 January 2018.  21- Yathiraj PH, Singh A, Vidyasagar S, Varma M, Mamidipudi V. Excellent and durable response to radiotherapy in a rare case of spinal cord compression due to extra-medullary hematopoiesis in β-thalassemia intermedia: case report and clinicoradiological correlation. Ann Palliat Med. 2017 Apr. 6 (2):195-9.  22- Nyoman Suci Widyastiti, Harianto Notopuro, Catharina Suharti, Aryati Aryati. ASSOCIATION OF -582 A> G HAMP-P POLYMORPHISM AND IRON STATUS OF JAVANESE Β THALASSAEMIA CARRIERS. 2018 Journal of Biomedical and Clinical Sciences (JBCS).   23- Inthawong K, Charoenkwan P, Silvilairat S, Tantiworawit A, Phrommintikul A, Choeyprasert W, Natesirinilkul R, Siwasomboon C, Visrutaratna P, Srichairatanakool S, Chattipakorn N, Sanguansermsri T.Pulmonary hypertension in non-transfusion-dependent thalassemia: Correlation with clinical parameters, liver iron concentration, and non-transferrin-bound iron. Hematology. 2015 Dec;20(10):610-7.  24- Aparna A Sagare and Dhiraj J Trivedi. Assesment of Transferrin Saturation as an Indicator of Iron Overload in Homozygous & Hetrozygous Form of Thalassemia. 2014.   
 Figure 1, show alteration of BMI in male patient, female patient and control.  
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 Figure 2, show alteration of serum hepcidin in male patient, and female patient and control.  
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Figure 3, show alteration of serum transferrin in male patient, and female patient and control.  
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 Figure 4, show alteration of serum ferritin in male patient, and female patient and control.  
 Figure 5, show alteration of serum iron in male patient, and female patient and control.  
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 Figure 6, show alteration of serum total iron bending capacity in male patient, and female patient and control.  
